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ABSTRACT

The present study deals with evaluation and compatibility of processing routes using thermal treatment
for upgrade of mopa muro and oban Massif manganese ore deposits. The study samples are characterized
by XRD, XRF and SEM analysis. The results of SEM analysis show the micro-cracks in the thermally
treated manganese sample, Mineralogical investigation shows that in the Mopa Muro manganese ore, most of the
Manganese occurs in the silicate managenese mineral as in  Almandine (Fe?*)sAlx(SiOu)s,
Spessartine(Mn?*)3Al(SiO4)s, Clinochlore (Al-Fe-SiO,-OH), Geothite FeO(OH),while the Oban Massif is
rich in, Pyrolusite MnO;, Clinochlore (Al-Fe-SiO,-OH ), and Spessartine(Mn2*)sAl2(SiO4)s. The mineralogy
of the two deposits also revealed that there is a Free Silica (Quartz) in abundant. The low content of sulphur and phosphorus
is however within the requirement of the metallurgical grade manganese ore, while 44.08% and 42.07% of manganese
(Mn) obtained for Mopa Muro and Oban Massif manganese ores respectively after all analysis indicate apparent inability
of the ores meet the requirement of metallurgical grade manganese with values less than 66% recommended specification
using thermal treatment.

Keywords: Thermal Treatment, mineralogy analysis, Manganese Ore.

INTRODUCTION

Manganese is one of the most widely used and tear of the final product. However, the availability
versatile chemical elements in the world which is of high-grade manganese ores has been declining
found naturally in the form of mineral deposits in rapidly over the years, necessitating the
varieties of composition associated with metallic, development of alternative methods for the
non-metallic and/or volatile or extraneous extraction and upgrading of lower-grade
materials [1]. It plays a vital role in various manganese deposits. The beneficiation of a
industrial applications. It is primarily used in the mineral from any of such depositions require the
production of steel, where it improves the engagement of one or several enrichment
strength, durability, and resistance to wear and technique(s) deigned at obtaining suitable
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products dictated by end users [2]; as each
manganese deposit is considered unique vis-a-vis
its concentrate and gangue constituents [3].
Moreover, specification of the various sectors
using manganese as primary or complementary
raw material is not uniform.

The backbone of any national techno-economic
development, including Nigeria is the
sustainability of iron and steel production. The
iron and steel industry produces a range of
products and consumes numerous amounts of
input elements. The steel sector in the developed
economies is the highest employer of labour of the
entire economic sector with its multiplier effect.
Because of their importance, the steel company in
the Republic of South Korea made a bold
inscription on its entrance: “A nation that controls
iron and steel controls the world economically” —
Pohang Steel Company Ltd. [4]. However, several
obnoxious political policies, technical, logistical
and managerial challenges, forced the iron and
steel companies owned by individual to fold up in
Nigeria [5]. Due to lack of sustainable raw
materials which are mills — roll up type that
dependent on billets through integrated mills. Raw
materials such as iron ore, manganese ore, coal,
and limestone are in abundant in Nigeria which
are required for steel development. Between
“1975 — 1980 Nigeria constructed two integrated
iron and steel plants located at Ajaokuta (ASC)
and Aladja (DSC) and the three rolling mills
company at Oshogbo, Jos and Kastina [6]. With

continuous mass importation of iron and steel
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products into Nigeria without internal production
in sustainable basis and good time, the following
are bound to happen; more buildings will collapse,
more graduates will remain unemployed, more
brain drain will take place, the value of the
national currency will diminish more and more as
well as trading options for the nation will remain
closed off. Steel consumption depends on the
growth of the economy, Governments investment
in infrastructure, transportation, and building of
new factories the beneficiation of manganese ores
may involve any or a combination of physical and
extractive metallurgy  techniques in the
enrichment of the crude ores [7]. [8]. The
processing of manganese ores is similar to that of
iron ores which are crushed and screened. The
ores coarse product generally smelted, while the
fine product are used as feed for chemical and/or
electrolytic processing [3]. In case of fine
manganese ores, the upgrading usually involve
sink-float, jigging, tabling, flotation and high-
intensity magnetic separation, whereas flotation
and roasting, and chemical separation process
such as leaching are for beneficiation of lower
grade and more refractory resources ]3].

The physical technique(s) is mostly in order of,
comminution, sizing and concentration processes
[71, [2]- Whereas the extractive techniques involve
chemical transformation processes that go beyond
comminution and concentration [8] to extract a
product in the form of manganese metal or
alloy(s). At times, intermediate upgrading may be

required to make the mineral amenable to
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concentration or extraction processes. These
approaches are applicable to all grades and types
of manganese ores depending on whether they are
liberated after milling or not [9].

Manganese numerous applications affect a lot of
our daily lives as it is used in food, fertilizer,
fungicides, frits, flux, fragrance, flavours, ferrites,
fluorescent tubes, fine chemicals, ferric leaching,
ferroalloys etc [9]; [3]; [1]; [10]. Manganese
serves as an oxidant, deoxidant, colourant, bleach,
insecticide, bactericide, algicide, lubricant,
nutrient, catalyst, drier, scavenger, etc (Evans,
2012). Hence, the upgrade and improvement of
the available ore in Nigeria becomes necessary.
Thus the evaluation of compatible processing
methods for possible improvement of Mopa Muro
(Kogi State) and Oban Massif (Cross river State)
manganese ore deposits is a timely positive effort
and houses [11]. The two significant manganese
deposits in Nigeria, Mopa Muro and Oban Massif,
present significant opportunities for manganese
production. However, these deposits consist of
lower-grade manganese ores, which require
upgrading to meet the desired quality for steel
production. Thermal treatment processes have
shown promise in upgrading such ores efficiently
and economically, making it an attractive option
for the processing of Mopa Muro and Oban Massif
manganese deposits. Therefore, the objective of
this paper is to evaluate the compatibility of
processing routes using thermal treatment for
upgrading of mopa muro and oban Massif

manganese deposits.
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MATERIALS AND METHODS

Sample Preparation

Exactly 50kg of manganese sample each collected
from Mopa Muro and Oban Massif study areas
were used for the research work, a representative
sample for the total analyses was taken by crushing
the 50kg in Herzog laboratory jaw crusher. The
product was screened to 100% of £75um with
Herzog Vibrating cup Mill. The +75um was
retained and the -75 um further screen until
homogeneity was achieved. The product was
screened for quartering and the two adjacent
sample was packed, bagged and ready for analyses
while the other remaining two adjacent were
packed, bagged and save for further use. The -
75um pass (undersize) materials from each
deposits site was divided into two and 259 of
samples were used for the XRF and XRD
characterization. The coarser materials (i.e. > 80
mm) was used in other analyses like beneficiation

[12].
Preparation Of Reagents

I Preparation of 5% Sodium Sulphide: 5
g of the reagent was weighed into 100 ml
flask and diluted with distilled water to the
mark. Density-1.86g/cm?,

Molecular weight- 78.0472g/mol.

Assay:

6%

hexametaphosphate: 6 g of the reagent

Preparation  of Sodium

was weighed into 100 ml flask, and was
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diluted with distilled water to the mark.
Assay: Molecular

weight- 611.77g/mol.

Density-2.48g/cm?,

Characterization Studies

Investigation of mineralogy, size of assay on
Mopa Muro and Oban Massif manganese ores
samples. The sample used in this work was
obtained from Kogi and cross rivers state deposit
of Manganese ore Mining located in Nigeria.
Identification of the types of minerals in the
sample, uses X-ray diffraction (XRD) analyzer
(model PW1800) with a copper tube was used.
The XRD analysis showed that the main minerals

Phase Data View

of the sample included contained three minerals viz:

Almandine (Fe?")s Al (SiOs)s,
Manganosite(MnO), and Quartz (SiO), Beryl
(BesSiOs  (OH)2.H.0), Geothite FeO(OH),

Pyrolusite MnO,, Clinochlore (Al-Fe-SiO2-OH ).

SEM and X- ray fluorescence spectroscopy
(XRF) analyses were carried out to identify the
Minerals present in the sample, and the results
obtained were shown in Table 2. The results
obtained indicated that SiO,, Al,Os; MnO, BaO,
Fe;03, TiO,, NiO, Cr,05 V205 Ta,0s, SO5, Ca0,
Nb2Os, CuO, P,0s, Co304wWere present at various

percentage compositions.
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Figure 2.1: Diffractogram showing the Mineral phase distribution of Mopa Moro Manganese Ore
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Figure 2.2: Diffractogram showing the Mineral phase distribution of Oban Massif Manganese Ore

RESULTS AND DISCUSSION
Mineralogical Analysis

Table .3.1aand 3.1b, Figure 3.1aand 3.1b show the qualitative
mineralogical composition and diffractogram peaks of the
Mopa Muro and Oban Massif manganese ore generated by
XRD. From Table 3.1a, sample MM-01 contained three
minerals viz: Almandine(Fe?")sAl2(SiO4)s,
Manganosite(MnO), and Quartz (SiO;), with
manganosite having 53% as highest value, MM-02

contained four minerals viz;

Almandine(Fe?*)3;Alx(SiO4);, Manganosite(MnO),
Clinochlore (Al-Fe-SiO,-OH ) and Quartz (SiO,),
with Almandine having 48% as highest value. MM-03
contained five minerals viz: Beryl (BesSiOs (OH)
2.H,0), Manganosite (MnO), Clinochlore (Al-Fe-
Si0,-0OH), Quartz (SiO2) and Spessartine (Mn?*) sAl
(Si04)3, with 63% Spessartine as highest value. MM-07
contained six minerals viz: Beryl (BesSiO4 (OH) 2.1420),
Geothite FeO(OH), Pyrolusite MnO,, Clinochlore
(Al-Fe-SiO,-OH),
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Table 3.1a

Mineralogical composition of Mopa Muro manganese ore

Qualitative Composition

Quantitative Composition

MM- MM- MM- MM- MM- MM- MM- MM- MM- MM-

Mineral Chemical Formula 01 02 03 04 05 06 07 08 09 10 Occurrence
Almandine (Fe?)sAl(SiOs)3 36 48 - 39 40 55 - 42 22 25 8
Beryl BesSiO4(OH)2.H:0 - - - - - - 7.0 - - - 1
Goethite FeO(OH) - - 8.1 0.05 156 - 4.8 11.8 22 - 6
Pyrolusite MnO, - - 13.5 - - 4.2 10.8 - - 24.9 4
Clinochlore Al-Fe-SiO>-OH - 2 104 229 - - 0.09 2 - 0.5 6
Manganosite  MnO 53 39 - - - - - - - - 2
Quartz SiO; 11 11 5.2 2 5.2 7.5 62 2 15 49.5 10
Spessartine (Mn?)3Al5(Si04)3 - - 63 36 39 34 16 42 42 - 7

Occurrence 3 4 5 5 4 4 6 5 4 4 44

Total% 100 100 100 100 100 100 100 100 100 100 -

KEY; XRD= X-ray Diffractometer
620
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Table 3.1b Mineralogical composition of Oban Massif manganese ore

Qualitative Composition Quantitative Composition
Chemical OM- OM- OM- OM- OM- OM- OM- OM- OM- OM-
Mineral Formula 01 02 03 04 05 06 07 08 09 10 Occurrence
Almandine (Fe?")3Alx(SiO4)s - 12 - - 38 - - - 10.0 40 4
Goethite FeO(OH) - - 194 191 - 1 0.5 7 - - 5
Pyrolusite MnO: 54 24 30 27 195 30.2 48 29.7 27.9 - 9
Clinochlore Al-Fe-SiO»-OH 0.05 4 8.3 5 0.07 0.3 12.6 0.16 12 9
Quartz SiO; 39 39 42 18.7 31 56.6 33 44.5 52.8 13 10
Spessartine  (Mn?);Aly(SiOs)s 7.2 20 - 3%0 6 121 18 65 9.1 - 8
Manganosite  MnO - - - - - - - - - 35 1
Occurrence 4 5 4 4 5 5 5 5 5 4 46
Total% 100 100 100 100 100 100 100 100 100 100 -
621
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Figure 3.1b: Diffractogram showing the Mineral phase distribution of Oban Massif Manganese Ore
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SEM- Morphology Mineral Phases

Plates 3.2a and 3.2b are the SEM photomicrographs of
the Mopa Muro and Oban Massif manganese ores taken
at different magnifications and particle sizes. From these
micrographs, it can be seen that a wide range of phases could
be identified which were not detected by XRD. The phases
are at the magnification of x1000 (Mag: x1000). Plate 3.2 as
automatically indicated photomicrograph has a particle size of
33.1 um while Plate 3.2b has a particle size of 86.3 um at

analyzing particle range size of 80 um respectively. The
morphology expression further show clearly that
the mineral phases are finely disseminated and
intermittently inter-grown with each other, which implies
that very fine grinding is necessary as indicated inthe degree
of liberation. Also, the Plates show back scattered election
image (BEI) which pointed to the fact that the ore is highly
porous and the porosity is a contributing factor in

separation techniques.

Plate 3.2a:
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SEM image showing the morphology patterns of sample MM — 01
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Plate 3.2b:SEM image showing the morphology patterns of sample OM — 01

Elemental Composition

The study of elemental constituents of the

samples were obtained wusing X -ray
fluorescence equipment on total of twenty four
(24) samples, twelve samples each from both
deposits. The following results presented in

Tables 3.3a and 3.3b were generated.

Tables 3.3a and 3.3b showthe chemical analysis of

the Mopa Muro and Oban massif Manganese ores.

624

From the tables, substantial amount of Iron, Aluminum,
Titanium and Silica associated with the manganese ore
are obvious and constitute major elements. The percentage
of the Silica represents both free Silica which occurs as quartz
and chemically combined silica which occurs either with
manganese or Alumina and Iron. The elements
Calcium, Potassium, Phosphorous, Niobium, Sulphur
and Titanium occur as minor elements, Cobalt, Copper,
Zinc, Vanadium, Tantalum and Chromium as trace

elements (see Appendix. 1 to 10).
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Based on the percentage concentration of manganese
obtained in this chemical analysis viz: manganese
(36.62%), silica (34.86%) and Alumina (11.17%) from
Mopa Muro Manganese ore and manganese (32.89%),
silica (32.17%) and Alumina (11.95%) from Oban
Massif, the concentration of manganese in both ore are
considered low grade manganese ores and does not meet
the specification of a metallurgical grade manganese
Ore (Table 3.3b). However, other minor and trace
parameters are within the acceptable range.  Based on the
results of the natural state of manganese ore from Mopa
Muro and Oban Massif, the ores must undergo thorough
beneficiation process before it could be used for

ferromanganese production.

625
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Table 3.3a: XRF Results of Mopa- Muro Manganese ore Samples

Sample % COMPOSITION
ID
Si0; AlkO; BaO MnO Fe O3 TiO2 NiO Cr:0s V205 Ta:0s SOs CaO NbOs CuO P:0s Co030,

MM 01 29.17 727 029 4161 1152 0.78 043 001 005 001 031 663 028 008 115 -
MM 02 3730 7.08 039 3269 1414 131 047 0004 008 0.04 025 452 014 0.07 130 -
MM 03 4323 970 027 2577 1277 099 003 002 014 004 035 553 017 006 0.83 -
MM 04 3953 751 087 318 1229 105 044 001 009 0.03 177 331 - 0.09 0.86 -
MM 05 26.76 1051 0.38 41.69 1334 125 0.03 - 011 0.07 022 337 005 010 0.10 -
MM 06 28.01 10.63 0.32 40.77 1520 115 002 001 013 0.02 032 604 039 006 011 -
MM 07 29.10 1310 0.22 3761 1435 080 006 003 006 001 015 736 011 008 171 0.01
MM 08 2722 1720 047 39.10 1442 079 038 001 006 001 055 436 012 0.08 0.93 -
MM 09 3593 1659 023 29.15 1549 100 001 003 013 0.02 029 6.14 004 004 139 0.02
MM 10 2527 1211 070 4592 1106 169 002 002 012 0.07 019 338 011 0.09 0.32 -

AVERAGE 3486 16.17 051 36.62 1849 208 019 009 010 003 044 506 016 012 087 0.02

KEY; XRF = X-Ray Flourescence
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Table 3.3b: XRF Results of Oban- Massif Manganese Samples

% COMPOSITION

Sample M Nb,O
D Si0O; BaO AlLO; O  Fe03 TiO2, CuO 5 ZnO SOz KO Co030s V205 Cr:0; P:0Os TaxOs
27.4
OM 01 4175 021 993 6 1265 196 0.09 0.02 0.03 0.34 0.002 - 0.11 0.02 - 0.01
OM 02 4243 030 1191 3%5 777 058 0.02 0.34 0.02 0.13 0.07 - 0.07 0.01 - 0.02
OMO03 4247 0.05 16.15 Z?L.O 10.30 1.64 0.03 028 0.01 0.50 - - 010 0.05 001 0.04
OM 04 2250 025 15.16 421 1494 148 0.05 0.38 0.02 065 0.17 - 0.09 003 020 0.10
OM 05 2152 026 1597 4(;.4 1292 120 0.07 025 0.01 020 o0.01 - 012 0.02 0.18 0.04
OM 06 3292 007 10.76 3%).9 1437 2.04 0.07 0.05 0.01 056 0.18 - 0.07 006 0.12 0.04
OM 07 4577 010 642 2%).5 13.11 149 0.04 0.02 0.03 069 0.73 0.01 0.11 0.03 0.22 0.04
OM 08 3322 002 718 3?..7 13.08 155 0.06 0.24 0.01 059 0.04 - 0.10 0.05 - 0.04
OM 09 4566 0.06 10.75 137 13.01 196 0.11 0.05 0.02 0.34 - - 0.07 002 016 0.04
OM 10 2347 011 1531 43;3 30.09 0.71 0.05 055 0.02 103 0.27 0.02 0.10 0.04 - 0.04
627
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AVERAG 31.8
E 3217 0.14 2195 9 1422 198 0.09 022 0.01 050 0.15 0.001 009 003 020 0.04
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CONCLUSION

The aim of this work was to development a process
route for upgrading of Mopa Muro and Oban Massif
manganese ore deposits to ferromanganese feed
grade, conducted thoroughly in two phases. The
first phase involved carrying out mineralogical
analyses, chemical analyses, and morphological
studies to confirm the mineralogical constituents,
elemental compositions of the ore and the
morphological structure of the samples used for the
study. Mineralogical investigation shows that in the Mopa
Muro manganese ore, most of the Manganese occurs in the
silicate manganese mineral as in Almandine
(Fe?")3Al(Si04)s, Spessartine(Mn?*)3Al2(SiO4)s,
Clinochlore (Al-Fe-SiO,-OH), Geothite
FeO(OH),while the Oban Massif is rich
Pyrolusite MnO,, Clinochlore (Al-Fe-SiO,-OH ),
and Spessartine(Mn?*)sAl2(SiO4)s. The mineralogy of

in,

the two deposits also revealed that there is a Free Silica
(Quartz) in abundant.

SEM analysis showed micro-cracks in the thermally
treated manganese sample, the Mopa Muro and Oban
Massif manganese ores have been successfully beneficiated
using difference separation techniques with enhancement of
the grade of Mopa Muro by 7.46% and Oban Massif by
5.55% respectively. The Mopa Muro and Oban Massif
manganese ores from the result after all analyses indicated
the values of 44.08% Mn and 42.07%Mn. Apparently,
these values shows that manganese ores obtained using this
processing route does not meet the requirement of

metallurgical grade manganese with values less than 66%
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recommended specification. Therefore, the low content of
sulphur and phosphorus is however within the requirement

of the metallurgical grade manganese ore.

Author G.R.A:
Software, Funding acquisition, Methodology. F.E:

Contributions: Writing—
Methodology, Investigation, Visualization, review
& editing. J.M.: original draft review & editing.
M.M.: review & editing. All authors have read and

agreed to the published version of the manuscript.

Funding: The work was not funded by any

organization or research unit.
Data Availability Statement: Not applicable.

Acknowledgments: The authors especially thank
Prof. JM Nwaedozie, Prof. MM Nnamadi and Dr,
FE Awe and also members of research development
National steel raw materials and exploration agency

for their contribution in this work.

Conflicts of Interest: The authors declare no

conflict of interest.

REFERENCES

1. Postle, Nwaogu, T., Upson, S., Clark, C.
&Heinevetter, A. (2015). Manganese, the
Global Picture - A Socio Economic
Assessment, Report for the International
Manganese Institute, London, Norfolk, United
Kingdom.

IS5M 0795 - 22066



J. Chem. Soc. Nigeria, VVol. 49, No. 3, pp 615 - 629 [2024]

2.

Wills, B.A. & Finch, J.A. (2016). Wills’
Mineral Processing technology (8"ed.) Oxford,
United Kingdom: Butterworth-Heinemann, 496

Pp.

Mehdilo, A., Irannajad, M. &Hojjati-Rad, M.
R. (2013). Characterization and beneficiation of
Iranian  low- grade manganese  ore.
Physicochem. Probl. Miner. Process. 49(2),
725-741.

Adetula, Y. V., Marindoti, M. D. (2019). Iron
and Steel Industries: A Strategic Sector or
Economic Development and Nerve Centre for
Industrialization in Nigeria. Federal University
of Technology Akure (Ondo Nigeria). loness;
10 (2): 75-83

Ohimain, Elijah. (2013).The Challenge of
Domestic Iron and Steel Production in Nigeria.
Greener Journal of Business and Management
Studies. 3. 231-240.
10.15580/Gjbms.2013.5.070113696.

RMRDC, (2009). Non Metallic in Nigeria: Raw
Material Research and Development Councils,
Abuja. 2009; 13.

Jan, S. K. (2011). Mineral processing (2"%ed).
New delhi, CBS Publishers and Distributors.

Metso mineral, R, E. (2015). Determining the
Bond Efficiency of Industrial Grinding

630

10.

11.

12.

Circuits. Global mining standards and
guidelines group http;//www.globalmining
standards.org

Evans, A.M. (2012)). Ore Geology and
Industrial Minerals on Introduction (3"ed)
New Delhi: Wiley India Pvt. Ltd. Pp. 257-261

Kubekovaa, S. N., Kapralovaa, . V.,
Ibraimovaa, G. T. &Batyrbayevaa, A. A.
(2016). Enrichment wastes’ processing of

manganiferous ores with the use of
mechanochemical methods. International
Journal of Environmental &  Science

Education, Vol. 11, No. 11, 3855-s4869.

Bamidele, E. A., Aladoye, M., Adetula, Y. V.,
&Akintola, T. O. (2014). Revitalization of
Nigerian Iron and Steel Industry: A Sine Qua
Non  for  National  Techno-Economic
Development and Defence. 30th Annual
Conference/Annual General Meeting Of The
Nigerian Metallurgical Society Held At Raw
Materials Research And Development Centre
Abuja

ASTM D2216, (2019). Standard Test Methods
for Laboratory Determination of Water
(Moisture) Content in Soil and Rock by Mass,
ASTM International, West Conshohocken, PA,
2019, www.astm.org.

IS5M 0795 - 22066


http://www.astm.org/

